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(54) Tide: METHOD OF MAKING A LIBRARY OF COMPOUNDS 
(57) Abstract 

A method of making a library of compounds comprises the following steps: (a) individually identifying a plurality of discrete reaction 
zones defined on laminar solid support material; (b) charging each of said reaction zones with a starting material; (c) sub-dividing the 
reaction zones into at least two initial batches; (d) applying at least two different reagents, one to each of the reaction zones in each initial 
batch, and recording the identity of those reaction zones to which each of said different reagents is applied; (e) subjecting all reaction zones 
to reaction conditions which promote reaction to completion; (0 further sub-dividing the reaction zones into at least two alternative batches; 
(g) applying at least two different reagents, one to each of the reaction zones in each alternative batch, and recording the identity of those 
reaction zones to which each of said different reagents is applied; (h) subjecting all reaction zones to reaction conditions which promote 
reaction to completion, and (i) repeating steps (0 to (h) inclusive as many times as desired. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burt: in* Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgyttan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


5D 


Sudan 


CC 


Congo 




of Korea 


5E 


Sweden 


CH 


Switzerland 


ICR 


Republic of Korea 


SI 


Slovenia 


CI 


Cote d'l voire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liechtenstein 


SN ~ 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


cs 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 96/16078 



PCT/GB95/02707 



1 

METHOD OF MAKING A LIBRARY OF COMPOUNDS 

The present invention relates to a method of preparation 
of chemical compounds and, in particular, to a method of 
preparing combinatorial libraries of chemical compounds. The 
method is especially suitable for the preparation of natural 
and synthetic chemical compounds which are to be tested for 
activity as therapeutic agents, though it need not be used 
exclusively for this purpose. In addition to being used for 
the preparation of combinatorial libraries, the method of the 
present invention also facilitates easy identification of 
individual compounds, so that any compounds which show 
encouraging biological activity can be prepared on a larger 
scale for further analysis. By modifying the method of the 
present invention, it is possible to prepare individual 
compounds in pure form in a non-combinatorial format. 

The synthesis and screening of combinatorial libraries 
is becoming increasingly important in the pharmaceutical 
industry as a means of drug "discovery". The major advantages 
of combinatorial chemistry are that it is faster and cheaper 
than orthodox methods. This makes it a much more effective 
technique in the quest to uncover new therapeutic agents, 
particularly in circumstances where there is little or no 
information available concerning the types of structures 
likely to show the desired activity. 

The wider availability of solid-phase synthetic methods 
has also led to increased interest in combinatorial chemistry. 
Clearly, solution chemistry is unsuitable for a technique 
which aims to produce a multiplicity of new products together, 
since this does not allow physical separation between the 
different materials produced. The products are therefore 
likely be contaminated with excess reagents, by-products etc, 
leading to difficulties in separation and purification. 
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The preparation of combinatorial compound libraries 
typically involves a number of successive stages, each of 
which involves a chemical or enzymatic modification of an 
existing molecule. Most typically, this process involves the 
addition of a monomeric unit or other synthon to a growing 
sequence, or the modification of chemical functionality on the 
sequence. Conveniently, the sequence or growing chain of 
interest is attached to a solid support. By carrying out the 
desired series of synthetic steps on the bound starting 
material, and by altering the nature of the monomeric or other 
synthon units, the type of chemistry and the sequence of 
reactions, it is possible to prepare an enormous number of 
individual compounds in short time. 

As indicated above, combinatorial methods entail a series 
of chemical steps with multiple choices of chemical reagents 
for each step. The complexity of the combinatorial library 
thus produced is determined by the product of the number of 
reagent choices for each step of the synthesis, which can be 
quite large. The problem which then arises is identification 
and characterisation of members of the library which display 
particular desired properties. 

Various solutions have been proposed to deal with this: 
For example, members of the library can be synthesised in 
spatially segregated arrays. However, because of the extra 
burden which maintenance of segregation imposes, this approach 
tends to lead to relatively small libraries. Alternatively, 
in the so-called "multivalent synthesis" method, a library of 
moderate complexity is produced by pooling multiple choices 
of reagents during synthesis. If a pool is shown to have 
properties of interest, it is re-synthesised with progressive- 
ly lower complexity until a single compound or class of 
compounds is identified having the desired property. The 
ultimate size of a library produced by this technique is 
inevitably restricted because of concentration effects which 
determine the limits of detection at which activity can be 
discerned. 
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The so-called "mix and split synthesis" method relies on 
combinatorial synthesis carried out on discrete solid 
particles such as minute resin beads. Through a protocol of 
mixing and separating beads at the end of each step in the 
5 synthetic sequence, populations of beads are generated to 
which are bound the products of specific reaction sequences • 
Inevitably, individual beads obtained from the final reaction 
step have different products attached, so that identification 
and characterisation of active materials is still a problem. 

10 Fortunately, biologically active compounds show 

remarkable potency and receptor sites are highly selective, 
so it is possible to detect low concentrations of active 
compound amid an extensive background of inactive material 
using standard in vitro screening techniques. 

15 Another drawback of the mix and split synthesis method 

is that some measure of over-representation and omission of 
individual compounds is inevitable because of the randomness 
introduced by the mixing and splitting steps. 

To counteract the above problems of identification and 

20 characterisation, some workers have proposed co-synthesis of 
a sequencable tag which encodes the series of steps and 
reagents used during synthesis of respective constituents of 
the library. More recently, it has been proposed to use 
tagging molecules to encode both the step number and the 

25 chemical reagent used in a given step, as a binary record of 
the synthetic steps experienced by each bead. This technique 
undoubtedly adds to the complexity of operations carried out 
during development of a combinatorial library. 

From the foregoing, it is apparent that known methods of 

30 preparing combinatorial libraries of chemical compounds suffer 
from two major drawbacks: Either the materials are prepared 
by maintaining segregation, with the inevitable consequence 
that only relatively small libraries are practicable, or the 
materials are prepared without segregation but in such minute 

35 quantities that characterisation is rendered very difficult. 
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It is therefore an object of the present invention to 
provide a method of making a library of chemical compounds 
which allows wide diversification in the products obtained 
without over-representation and/or omission, at the same time 
as providing a clear indication of the sequence of steps which 
has been followed to synthesise a particular compound, thereby 
facilitating characterisation of individual materials. 

In a first aspect, the invention is a method of making 
a library of compounds, which method comprises the following 
steps: 

(a) individually marking with indicia a plurality of 
discrete reaction zones defined on laminar solid support 
material ; 

(b) charging each of said reaction zones with a starting 
material ; 

(c) sub-dividing the reaction zones into at least two 
initial batches; 

(d) applying at least two different reagents, one to 
each of the reaction zones in each initial batch, and 
recording the identity of those reaction zones to which 
each of said different reagents is applied; 

(e) subjecting all reaction zones to reaction conditions 
which promote reaction to completion; 

(f) further sub-dividing the reaction zones into at 
least two alternative batches; 

(g) applying at least two different reagents, one to 
each of the reaction zones in each alternative batch, 
and recording the identity of those reaction zones to 
which each of said different reagents is applied; 

(h) subjecting all reaction zones to reaction conditions 
which promote reaction to completion, and 

(i) repeating steps (f) to (h) inclusive from zero to n 
times, as desired. 
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It will be understood that n may be any whole number 
integer, the value of which depends on the complexity of the 
combinatorial library that it is intended to produce. 

The method outlined above provides the synthetic chemist 
5 for the first time with the means to synthesise any number of 
single, easily identifiable labelled chemical compounds on a 
controllable pre-defined scale of preparation. In particular, 
this invention offers considerable handling advantages over 
prior art methods. For example, if desired the entire set of 

10 individual reaction zones may be handled as a single laminar 
medium. This opportunity does not exist with free-flowing 
microscopic resin beads. The method of division does not rely 
on the laminar support material being a particular shape. 
Thus, it is possible for the support to be in the form of 

15 tapes or streamers. 

In an especially preferred form, the reaction zones are 
defined on sheets of material. An individual sheet may 
represent a single reaction zone, in which case a plurality 
of sheets is required to put the invention into effect. 

20 Alternatively, a single sheet may be sub-divided into an array 
of reaction zones of equal size, individual elements of the 
array being separable from each other for effecting step (c) 
above. In one possible variant of this method, each sheet is 
charged with a different starting material in step (b) . 

25 An especially preferred form of sheet material is paper, 

particularly paper which has been treated to enable the 
starting material to bind to the sheet. When the starting 
materials are amino acids or peptide fragments, the paper may 
for example carry allylic anchor groups to releasably bind the 

3 0 carboxylic acid groups of amino acids to the paper; a variety 
of other linking groups is also possible. The first and 
subsequent reagents may attach further amino acids or peptide 
fragments to the already bound amino acid residues on the 
sheet in known manner. 

3 5 Another type of paper which may be used has free amino 

groups which may releasably bind to carboxy groups of amino 
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acids forming the starting material of the library compounds. 
One method of making such a paper is to treat cellulose, 
preferably in powder form, with acrylonitrile and a base, 
generally under aqueous conditions, to form a cyanoethyl ether 
of cellulose. The product may be dried and reduced, for 
example with borane in tetrahydrof uran, to aminopropyl 
cellulose. After removal of residual reagents the amino 
groups may be protected, for example by conversion of the 
aminopropyl groups to tert-butyloxycarbonyl aminopropyl groups 
and the resulting substituted cellulose may be mixed with 
cellulose fibre and formed into paper by standard paper-making 
methods. 

The tert-butyloxycarbonyl or "Boc" groups may then be 
removed to provide the required paper with free amino groups. 

In a second aspect, the invention is a method of 
preparing a paper support material for use in the synthesis 
of chemical compound libraries, which method comprises: 

(a) linking cellulose with a compound which is selected 
from the set consisting of an amine precursor or a 
compound having a protected amine group; 

(b) in the case of an amine precursor, generating the 
free amine and then protecting it with a conventional 
amino protecting group; 

(c) incorporating the amine-f unctionalised cellulose 
into a paper sheet by mixing with paper fibre and 
forming into sheets, and 

(d) reacting the paper sheets obtained from step (c) 
above with an amino deprotecting reagent to provide free 
amine groups on the paper sheets. 

Alternatively, materials other than paper may be used for 
making the sheets. This is an important consideration for 
those branches of chemistry which require - a non-protic 
environment, since paper is a protic material. 
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One possible alternative is a polyethylene or poly- 
propylene film which has been grafted with polystyrene chains, 
as described in published PCT Patent Application No. WO 
90/02749. Alternatively, the sheet may be of a laminated 
5 construction, being in the form of a solid material trapped 
between two or more layers of porous mesh. One laminate of 
this type consists of a so-called "resin cloth" comprising 
cross-linked polystyrene resin containing amino groups formed 
as a layer sandwiched between fibrous sheets, for example, 

10 non-woven polypropylene sheets, on which indicia may be borne. 
The use of other materials is, of course, possible. 

A non-protic sandwich material such as that described 
above permits a wider range of chemistries to be carried out. 
For example, chemistry is permitted to be performed on a 

15 supported resin cloth which usually requires strictly 
anhydrous conditions. Example reactions include, but are not 
limited to, use of a strong non-protic base to generate anions 
of chemical- substrates affixed to the resin cloth. Further 
manipulations of these anions permits, for example, Heck type 

20 couplings, Stille couplings, heteroaryl couplings, 
carbonylations, carboxylations and carbamoylations not 
normally permitted in a protic environment. 

In a third aspect, the invention is a method of preparing 
a laminar resin support material for use in the synthesis of 

25 chemical compound libraries, which method comprises affixing 
a layer of particulate f unctionalised solid support resin 
material to a porous inert laminar material. 

Preferably, the layer of particulate f unctionalised solid 
support resin material is sandwiched between two layers of 

3 0 porous inert laminar material. 

In general, suitable sheet material may be any material 
which is readily markable with indelible indicia, is divisible 
in equal proportions, allows the sheets to be formed into a 
stack and subsequently separated and to which the constituents 

35 of the compounds of the library may releasably be bound. The 
sheet and method of binding the compounds are preferably such 
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that known amounts of the compound may be repeatably released 
from a single sheet portion bearing the compound. 

It should be noted that the present invention is not 
limited to the preparation of biologically active compounds. 
It is applicable to any organic or inorganic species which, 
used in combination with other reagents, will form oligomers 
bound to the solid sheet. The compounds which are stored in 
the library must however be compatible with the material of 
the sheet. 

Besides sheet materials, any suitable support material 
can be adapted for use in the method of the present invention 
provided that it has the capacity for division and subsequent 
sub-division into discrete reaction zones and provided that 
it possesses the necessary surface active qualities to serve 
as a vehicle for the intended reaction steps. 

The compounds prepared in the library may be linked to 
the support by a wide variety of methods, depending on the 
nature of the support and the compounds to be prepared. Apart 
from the ally lie anchoring group/ amino acid system mentioned 
above, chemical linkers which may be cleaved by acidic, basic, 
hydrogenolytic or other chemical reagents may be used, as may 
light-induced cleavage. Combinations of these methods may 
also be used. 

The amount of compound stored in each reaction zone may 
vary according to the nature of the compound and the nature 
of the support material, and also according to the size of the 
zones. Amounts of compound varying from a few nanograms to 
several milligrams may be stored on portions of paper sheet 
of convenient size. In principle any amount of compound may 
be stored provided that the support material is large 
enough. 

Typically, the different reagents used in the method 
according to the present invention are individual monomeric 
units and may be chosen from a large variety of compounds. 
These include agents such as amino acids, nucleotides, sugars, 
naturally-occurring and synthetic heterocycles , lipids, and 
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combinations thereof, though it will be understood that this 
list is not exhaustive. In general, any bifunctional group 
may be used which may be linked to the support material or to 
the growing sequence in protected form, and subsequently 
5 deprotected and reacted with a further group. Alternatively, 
a monofunctional group may be used to complete the sequence. 

It is an_gssent ial feat ure of the present in vention that 
in dividual reactio n zo nes are identifie d, that is to say , 
labelled with some form of indicia which uniquely 

10 characterises each reaction zone. The indicia may comprise, 
for example, numbers, letters, symbols or colours in a coded 
combination. The indicia may be applied to the respective 
reaction zones before synthesis commences using known printing 
methods. These are preferably such that the ink used will not 

15 leach out of the reaction zones during the synthetic 
procedures, or otherwise interfere with formation and 
subsequent removal of a compound held on a particular reaction 
zone. U. V. -sensitive ink which is "fixed" to the reaction 
zones by exposure to ultraviolet radiation after printing is 

20 generally suitable for this purpose. Other types of indicia, 
not necessarily optical in nature, may be used for identifying 
individual reaction zones. Possible alternatives include 
Smiles strings, bar-codes, chemical structures, marked or 
printed punched card formats, ultraviolet-readable fluorescent 

25 systems and electro-magnetically readable devices such as 
magnetic strips. The type of indicia used may depend on the 
size and shape of the support material and/or reaction zones. 

The invention will now be described by way of example 
only with reference to the drawing (Figure 1) which shows in 

30 schematic form one particular embodiment of support material 
used in performance of the present invention and a convenient 
pattern of sub-division. 

Referring now to Figure 1, the illustrated arrangement 
shows orthogonal arrays of reaction zones 3 defined on a 

35 series of support sheets 1. The reaction zones are arranged 
in a grid or matrix layout in straight rows along one 
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dimension and straight columns along the other dimension, each 
reaction zone being provided with a unique tag or label. 

In the next step, each of the sheets 1 is treated with 
a different first reagent which becomes bound to the sheet to 
form the first monomer or constituent serving as the starting 
material for subsequent steps. The sheets are then superposed 
to form a block in which corresponding reaction zones 3 of 
respective sheets are aligned with each other. The block of 
sheets so formed is then divided by making a first series of 
cuts through the stack, e.g. in the X direction, thereby 
forming a plurality of stacked strips 2. 

Each stack of strips 2 is then treated with a reagent to 
effect deprotection or activation of the first constituent 
following reaction with a different second reagent to effect 
binding of a respective second constituent to the first 
constituents already bound on the strips. 

Following this, the treated stacks of strips are 
reassembled to reform the block and a second series of cuts 
is made at right angles (in the Y direction) to the first so 
that each strip becomes further sub-divided into smaller 
elements corresponding to the reaction zones (3). 

Each of the stacks of individual reaction zones is then 
deprotected if necessary and treated with a different third 
reagent to effect binding of a respective third constituent 
on the free end of the second constituent already in place. 

If, in this example, a total of twenty sheets is used 
initially and if each sheet is treated with a different first 
reagent monomeric unit, twenty different sheets having 
attached a first monomer or fragment will be formed. When the 
superposed sheets are divided to form, say, 20 strips and each 
strip is treated with a different reagent a total of 20x20=400 
dimeric chains is formed, each having a different combination 
of first and second monomers or fragments: Subsequent 
reassembly of the block and further sub-division along the 
second dimension into, say, 20 slices and treatment of each 
of the slices with different reagents will give 20x20x20=8,000 
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different pure trimeric structures. The total number of 
monomers, dimers and trimers may be increased by dividing the 
block into a greater number of strips or slices, or by 
increasing the number of sheets. Thus, if 50 sheets are used, 
5 divided into 50 strips and 50 slices, the number of different 
pure individual trimeric structures will be 125,000. 

Each of the trimers will be different and will be 
identifiable unambiguously from the indicia (which may be 
letters and/ or numbers applied by printing) marked on the 

10 reaction zones. 

At this final stage of the process, the sheets have been 
cut in a fashion to provide individual pieces of paper, each 
of which is marked with a single, unique index, which is in 
itself an identifier of the single, unique chemical structure 

15 attached to that portion of paper. Furthermore, all possible 
combinations are formed of compounds available from the 
constituents provided by the reagents used. 

In the -embodiment of the invention described above, the 
reaction zones may be square or oblong and arranged in an 

20 orthogonal pattern. However, other geometrical arrangements 
may be used. In principle the sheet portions may be of any 
shape and arranged in any type of grid pattern, subject only 
to the need to divide the sheet into individual portions. 

The sheet material may be, but is not limited to, paper 

25 and depending on the size of the sheets cutting may be carried 
out using any suitable cutting device, such as scissors or an 
ordinary office guillotine. The arrangement described above 
allows a very large number of different dimeric and trimeric 
and larger polymeric structures to be assembled easily and 

30 rapidly. 

It will be apparent that in a library of single 
individual compounds, each of which is identified by means of 
its own unique indicia, an individual sheet portion may be 
easily identified. Thus, evaluation of the biological or other 
35 activity of the compound cleaved from such an identified sheet 
portion will permit, by means of targeted screening of 
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structurally related compounds, a search for activity by 
substructure within a library generated by a combinatorial 
method . 

The method of making a library of compounds described 
5 above may be considered as starting with a three-dimensional 
stack of sheets which is divided three times in different 
dimensions (once by separating the sheets, and twice by 
cutting) and treating with three different sets of reagents. 
The same principle may be applied to a two-dimensional system 

10 using a single sheet which is divided twice in two transverse 
directions and treated with two reagents. 

Such an arrangement still allows provision of a large 
number of compounds in a library. For example, if a single 
sheet is divided into a pattern consisting of 50x50 squares 

15 a total of 2500 different compounds, each of known composition 
and unambiguously identified, may be obtained. In another 
embodiment, the sheets may be in the form of tape or streamers 
which comprise only a single line of reaction zones which are 
separated by cutting in the transverse direction. These tapes 

20 or streamers bearing a one-dimensional array of reaction zones 
may be superposed to form a block which is treated and 
subdivided in a manner similar to that described above. 

It will also be appreciated that the block of sets of 
individual reaction zones may be further divided and reacted 

25 with a fourth or subsequent set of reagents to provide a 
further dimension of product variation. 

In general, the invention is applicable to any 
arrangement of sheet material in which both the "sheets" and 
the reaction zones defined thereon may, after sub-division, 

3 0 be handled and subjected to the desired chemical process steps 
without losing their physical integrity or their identifying 
indicia. The manner in which the sheets are divided into 
portions (cutting, stamping, tearing etc.) will depend on the 
identity of the sheet material and the shape and size of the 

35 reaction zones. 
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The invention is further illustrated by the non-limiting 
examples described below , in which the following abbreviations 



are used: 




Fmoc: 


9-Fluorenylmethoxycarbonyl 


5 Boc: 


Tert-butyloxycarbonyl 


THF: 


tetrahydrofuran 


DMF: 


N,N-dimethylf ormamide 


TFA: 


trif luoroacetic acid 


HOBt: 


N-l-hydroxybenztriazole 


10 TBTU: 


2-(lH-benzotriazole-l-yl) -1, 1, 3 , 3-tetramethyluronium 




tetraf luoroborate 



Hunig's base: N,N-diisopropylethylamine 



15 EXAMPLE 1 

Syntheses conducted on Boc-aminopropvl cellulose sheet 

Preparation of cvanoethvl cellulose: 

20 

A suspension of 70% water wet partially cross-linked 
cellulose powder (XEC Whatman) 13kg was suspended in dioxan 
(281) , and treated with a solution of sodium hydroxide (210g) 
in water (200ml) and the viscous suspension stirred at room 

25 temperature for 10 min. Acrylonitrile (201. 5g, 250ml, 3.79 
mole) was added, the mixture stirred 5 min, further 
acrylonitrile (201. 5g, 250ml , 3.79 mole) was added, the 
mixture stirred 5 min, and thereupon a final portion of 
acrylonitrile (403g, 500ml, 7.95 mole) was added and the whole 

30 reaction mixture stirred at room temperature for a total of 
5hr. There was no detectable exotherm under these conditions. 

The bulk material was recovered by filtration, and the 
crude product washed with water until the washings were of 
pH 7. The water was then removed by suction, the filter cake 

35 dried by suspension in acetone (2 x 101) , collected by 
filtration, further washed with acetone (2 x 101), and finally 
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dried at 80°C for a total of 72hr. A total of 3.78kg 
anhydrous material was obtained . Elemental analysis of the 
recovered solid shows there to be N present in the expected 
ratio. 

CHN analysis: Found % C: 46.60; H, 6.60; N, 2.16 

C: 46.52; H, 6.54; N, 2.13 

This experiment was repeated three times on approximately 
the same scale to provide a total of 11.9kg of dried sample 
of the cyanoethyl ether of cellulose. 

Reduction of cvanoethvl cellulose to aminopropvl cellulose: 

A dry sample of cyanoethyl cellulose powder as above was 
purged under dry nitrogen, treated cautiously with a solution 
of borane/tetrahydrofuran complex (1M) in THF (141), stirred 
for Ihr at room temperature, and then cautiously warmed to 
gentle reflux for a total of 24hr. The cooled solution was 
very cautiously treated aqueous ethanol (10%, 11) with 
external ice-water cooling, and some evolution of hydrogen was 
detected. The wet slurry was then filtered and the wet filter 
cake slurried in HC1 (1M, 121) for a total of 30min, recovered 
by filtration, and re-suspended in (1M, 121) for a total of 
lhr. The product was collected by filtration, washed 
extensively with water until the washings were of pH 7 , and 
then sucked dry. This filter cake was then slurried in 
ethanol (101) , collected by filtration and sucked dry for a 
total of lhr. This cake was then slurried with ether (101), 
the product collected by filtration, sucked dry overnight at 
room temperature and was finally dried at 50°C to constant 
weight. 

Analysis of the free amine content by standard methods 
revealed an amine content of 0.50 mmole/g dry "weight. 

This experiment was also repeated for a total of three 
times to provide a total of 13.24kg of dry powder. 
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Protection of the amino group to give Boc-aminopropvl 
cejjmose; 

A solution of sodium carbonate (1.26kg) in water (11) was 
diluted with THF (12.1) and a sample of aminopropyl cellulose 
hydrochloride (4kg) was added cautiously to avoid frothing. 
This was treated with di-tert butyl pyrocarbonate (4kg) and 
the mixture was allowed to stand at room temperature for one 
week. The solid material was collected by vacuum filtration, 
washed with water until the washings were of pH 7, then 
slurried in acetone (101), and collected by filtration. This 
slurry treatment of the collected solid was then repeated 
(101) . The product was finally collected by filtration, 
sucked to dryness and dried overnight at 80°C under vacuum. 
This gave a colourless solid 4.2kg. 

This experiment was then repeated three times to provide 
a total weight of the N-protected derivative of 13.06kg. This 
showed a residual moisture content of approximately 15%, which 
could have been removed by extremely vigorous drying. 
However, such removal was unnecessary for the next step in the 
procedure. 

Preparation of bulk scale Boc-aminopropvl cellulose paper 
sheet: _ 



Blank paper fibre in the form of long staple raw 
cellulose (27.8kg) was slurried in a large volume of water 
(2600 litres) for a total of 20 min. This slurry was combined 
with the sample of powdered Boc-aminopropyl cellulose 
(13.06kg) and further slurried for a total of 10 min to 
achieve adequate dispersion. A polyamide epichlorohydrin 
cross-linking agent (1.14 1) was added, and the paper slurry 
was then prepared in sheet form by conventional means. This 
produced a finished roll of paper of approximately 28kg in 
weight. 
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Deprotection of t h e Boc-aminopropvl cellulose sheet: 

A sample of the Boc-aminopropyl cellulose sheet of A4 
size was suspended in a solution of trif luoroacetic acid in 
solution of dichloromethane (50% , 30ml), for a total of 30 
min. The paper was then washed with dimethylf ormamide (DMF) 
to remove excess TFA, with methanol (x 1), neutralised (1M 
NaOH) , washed water, methanol and then dichloromethane and 
finally dried at 40°C under vacuum for a total of lhr. 

This paper was assayed for free amine content by a known 
method using picric acid, which showed a reproducible free 
amine level in the range of 2-3 nmoles/mm 2 . 

Preparation of Lvs-Tvr-Lvs and Thr-Tvr-Ser on amine- 
functionalised paper: ; _ 

Fmoc-O-t-butyl-Ser Der ivatisat ion : 

A sample of the above described amine functionalised 
paper (two sheets of dimensions 210 x 197 mm, of 2.85 
nmoles/mm 2 , or 0.18 mmole total amine content) indelibly 
marked with indicia was derivatised by reaction with 2,4- 
dichlorophenyl-4-(N-a-Fmoc-0-tert-butyl-Serinyloxymethyl) 
phenoxyacetate (650mg or 2.7 times excess) in DMF solution for 
a period of 17 hr at room temperature following the general 
method given by Bernatowicz et al . (Tetrahedron Letters 1989, 
30 : 4341) . The paper was washed with DMF to remove reagents 
(x 3), dichloromethane (x 6) and was then dried at room 
temperature under vacuum. 

Determination of free amine content indicated that the 
degree of coupling in this reaction was of the order of 85%. 

Residual amine groups were acetylated using a solution 
of acetic anhydride (4ml), collidine (6ml) and 4-dimethyl- 
aminopyridine (2g) in acetonitrile (20ml) for lhr at room 
temperature. The paper was then washed with acetonitrile 
(x 3), dichloromethane (x 6), and dried under vacuum. 
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Deprotection of the Fmoc group was achieved using a 
standard method utilising a solution of piperidine (15ml) in 
dichloromethane (5ml) for 30min at room temperature. Washing 
of the paper with DMF (x 2) and dichloromethane (x 6), 
followed by drying under vacuum gave the material ready for 
the next coupling. 

a-Fmoc-aj-Boc-Lys Derivatisation: 

A sample of the same amine derivatised paper of identical 
dimensions indelibly identified with indicia was derivatised 
in an identical fashion using instead the analogous derivative 
of a-Fmoc-w-Boc-Lys. 

Residual amine acetylation and deprotection prior to the 
further functionalisation were performed in a manner identical 
to that described above. 

Coupling of the second monomer (Fmoc-o-t-butyl-Tyr) : 

The two above monomerically linked pieces of paper were 
placed in one vessel and treated with a five-fold excess of 
a solution of the HOBt ester of Fmoc-Tyr-O-t-butyl ether which 
was prepared by pre-activation of a solution of Fmoc-O-t- 
butyl-Tyr (3.47g, 7.56 mmol) , HOBt (1.02g / 7.56 mmol) , TBTU 
(2.42g, 7.56 mmol) and Hunig's Base (2.64ml, 15.12 mmol) in 
DMF (160ml) for a period of 3 0min, This preformed ester 
solution was then reacted at room temperature overnight with 
the paper samples. The pieces of paper were then washed with 
DMF (x 3) to remove reagents, dichloromethane (x 6), and dried 
under vacuum. 

Residual amine groups were acetylated using a solution 
of acetic anhydride (4ml), collidine (6ml) and 4-dimethyl- 
aminopyridine (2g) in acetonitrile (20ml) for lhr at room 
temperature. The paper was then washed with acetonitrile 
(x 3), dichloromethane (x 6) , and dried under vacuum. 

Deprotection of the Fmoc group was achieved using a 
standard method utilising a solution of piperidine (15ml) in 
DMF (15ml) per sheet for 3 0min at room temperature. Washing 
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of the paper with DMF (x 4) and dichloromethane (x 6), 
followed by drying of the paper under vacuum gave the material 
ready for the next coupling. 

Coupling of the third monomer: 

The sample of paper bearing Tyr-Ser was further reacted 
separately with a sample of the HOBt ester of Fmoc-Thr-O-t- 
butyl ether prepared by pre-activation of a solution of Fmoc- 
Thr-O-t-butyl ether (1.5g f 3.78 mmol) , HOBt (0.51g, 3.78 
mmol), TBTU (1.21g, 3.78 mmol) and Hunig'sBase (1.31 ml, 7.56 
mmol) in DMF (85ml) for a period of 3 0 min. The paper was 
reacted at room temperature overnight. 

The sample of paper bearing Tyr-Lys was further reacted 
separately with a sample of the HOBt ester of a-Fmoc-Boc-Lys 
prepared by pre-activation of a solution of a-Fmoc-Boc-Lys 
(1.77g, 3.78 mmol) , HOBt (0.51g, 3.78 mmol), TBTU (1.21g, 3.78 
mmol) and Hunig's Base (1.31ml, 7.56 mmol) in DMF (85ml) for 
a period of 30 min. The paper was reacted at room temperature 
overnight with this preformed solution. 

The two pieces of paper were then washed with DMF (x 2) 
to remove reagent, dichloromethane (x 3), and dried under 
vacuum. Residual amine groups were acetylated using a 
solution of acetic anhydride (4ml) , collidine (6ml) and 4- 
dimethylaminopyridine (2g) in acetonitrile (20ml) per sheet 
for lhr at room temperature. The paper was then washed with 
acetonitrile (x 4), dichloromethane (x 4), and dried under 
vacuum. 

Final deprotection of the Fmoc group was achieved using 
a standard method utilising a solution of piper idine (15ml) 
in DMF (15ml) per sheet for 30min at room temperature. 
Washing of the paper with DMF (x 4) and dichloromethane (x 6) 
followed by drying of the paper under vacuum gave the material 
ready for the final cleavage. 
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Cleavage of the trimers from the paper: 

The sample of paper bearing Thr-Tyr-Ser was cut into 
small portions, treated with TFA/H 2 0 (95:5, 89.25ml) and 
stored at room temperature overnight. Solid material was 
removed by filtration and washed with dichloromethane (x 2) 
and methanol (x 2), and the filtrates combined. Acid was 
removed by evaporation below 4 0°C, and the sample freed from 
acid by azeotropy from toluene/dichloromethane (x 2) . The 
sample was dissolved in water (15ml), filtered, and freeze 
dried. The mass recovery was essentially quantitative. This 
was examined by hplc analysis and the desired material was 
shown to be the major product by comparison with a genuine 
sample, and moreover exhibited identical m/e peaks in the mass 
spectrum. 

The sample of paper bearing Lys-Tyr-Lys was cut into 
small portions, treated with TFA/H 2 0 (95:5, 89.25ml) and 
stored at room temperature overnight. Solid material was 
removed by filtration, washed with dichloromethane (x 2) and 
methanol (x 2), and the filtrates combined. Acid was removed 
by evaporation below 40°c, and the sample freed from acid by 
azeotropy from toluene/dichloromethane (2 x) . The sample was 
dissolved in water (15ml), filtered and freeze dried. The 
mass recovery was essentially quantitative. This was examined 
by hplc analysis and the desired material was shown to be the 
major product by comparison with a genuine sample, and 
moreover exhibited the desired m/e peak in the mass spectrum. 

Prepar ation of a 1677 component peptoid library for biological 
screening: 

Three sheets of amine f unctionalised paper as described 
above of dimensions 210 x 297mm were indelibly marked with a 
pattern of indicia (43 columns and 39 rows), and subsequently 
deprotected with TFA in the manner described above ready for 
the coupling of the first monomers. Analysis revealed the 
presence of 1.9 nmol/mm 2 of amine groups. 
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Functionalisation of the sheet: 

Each of the 4 3 columns of paper was divided from the 
original sheet and separately functionalised as follows: Each 
column of paper was treated with an individual Fmoc-protected 
amino acid derivative pre-activated as its 2 , 4-dichlorophenyl 
4-(oxymethyl) phenoxy acetate as described above in a solution 
of DMF (0.5ml) and pyridine (10ml) at room temperature 
overnight. The paper was washed with DMF (x 4) and 
dichloromethane (x 5) and dried at 40°C for 30 min. 
Acetylation of residual amine functionality was carried out 
as described above. 

Deprotection of the amine groups was also carried out as 

described above • 



Coupling of the second monomer: 

The complete set of stacked strips of reaction zones of 
the original paper sheets was assembled into one block and 
then cut again at right angles to the original cutting 
direction into individual reaction zones. Each set of 
individual reaction zones from a complete row was then coupled 
with a second Fmoc-protected monomeric unit, pre-activated as 
its 2, 4-dichlorophenyl 4- (oxymethyl) phenoxy acetate ester as 
described above. On completion of reaction, these individual 
reaction zones were washed, acetylated, and finally the Fmoc 
protection group was removed as described above. 

Coupling of the third monomer: 

The complete set of 1677 individual reaction zones 
charged with dimeric amine derivatives were combined into one 
vessel, and reacted with diphenylacetyl chloride (2.31g, 0.1 
mol), with Hunig's Base (3.5ml, 0.1 mol) in DMF (96.5ml) at 
room temperature overnight. The set of individual reaction 
zone was washed with DMF (x 3) , and dichloromethane (x 4) and 
dried at 40°C for 30 min under vacuum. To remove all 
extraneous reagents, the complete set of reaction zones was 
treated in a Soxhlet extractor with dichloromethane overnight, 
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and the extract discarded. The reaction zones were dried at 
40°C under vacuum for three hours. 

Cleavage of individual trimeric products: 
5 The trimeric products were removed from the paper in the 

following manner: Each individual labelled reaction zone was 
separated and treated with TFA/H 2 0 (95:5, 50ml) at room 
temperature overnight. Each reaction zone was then washed 
with dichloromethane (12 x 50ml), methanol (4 x 50ml), the 
10 washings being combined and evaporated under nitrogen. 
Analysis of individual products is exemplified by the 
following: After cleavage from the paper support, individual 
trimeric products were identified by the indicia marked 
thereon. A subset of these was examined by both hplc and mass 
15 spectrometry and, in the cases examined, confirmed the 
presence of the desired compound. 

Below is a subset of typical analytical data for 
compounds examined by mass spectrometry: 



Indicia Structure Expected m/e Found m/e 

0 0 53362 535.0 



B3315 




O ^ 541.62 543.0 



C3702 o 432 4 j 

C W NH O o 

A0604 538 . 61 



432.8 



539.0 
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Example 2 

syntheses on aminomethvl-substituted laminated resin sheet 

5 Preparation of aminomethvl-substituted laminar sheet: 

A sample of lOOg of a partially cross-linked aminomethyl 
polystyrene resin (Novabiochem 01-640010) was thoroughly mixed 
with a sample of low melting thermoplastic polyethylene glue 

10 (Dritex DT157/300) and the mixture was evenly spread over the 
surface of a portion of non-woven fibrous polypropylene sheet 
(Freudenberg Lutrasil 4150) of area 16 square metres. A 
further sheet of the same non-woven fibrous polypropylene 
sheet of identical area was then superimposed onto the bottom 

15 loaded sheet, and the two were then heat welded together 
(within a temperature range of 90-14 0°C) to give a single 
material containing resin in which amino groups were 
demonstrably available, 

Titrimetric analysis of the free amine content showed 

20 that, in this example, free amine density was 2.2 nmole/mm 2 . 

Fmoc-O- t-buty 1-Ser Der ivatisation : 

A sample of the above polypropylene cloth (210 x 145 mm, 
or 67.8 mmole total amine content), indelibly identified with 

25 indicia, was derivatised by reaction with the 2 , 4-dichloro- 
phenyl N-a-Fmoc-O-t-butyl-Ser-4-oxymethylphenoxyacetate ester 
(258mg or 5 times excess) in DMF solution for a period of 17hr 
at room temperature. The resin cloth was washed with DMF 
(x-3) to remove reagents and dichloromethane (x 3), and was 

30 then dried at room temperature under vacuum. 

Residual amine groups were acetylated using a solution 
of acetic anhydride (4ml), collidine (6ml) and 4-dimethyl- 
aminopyridine (2g) in acetonitrile (20ml) for lhr at room 
temperature. The resin cloth was then washed with 

35 acetonitrile (x 3), dichloromethane (x 6), and dried under 
vacuum. 
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Deprotection of the Fraoc group was achieved using a 
standard method utilising a solution of piperidine (10ml) in 
DMF (10ml) for 30min at room temperature. Washing of the 
cloth with DMF (x 4) and dichloromethane (x 6), followed by 
drying under vacuum gave the material ready for the next 
coupling. 

Fmoc-QE-Boc-Lys Derivatisation: 

A sample of the same polypropylene cloth of identical 
dimensions, indelibly identified with indicia, was derivatised 
in an identical fashion using instead the analogous derivative 
of Fmoc-a-Boc-Lys. 

Residual amine acetylation, and deprotection prior to 
further functionalisation were performed in a manner identical 
to that described above. 

Coupling of the second monomer: 

The two. above monomerically linked pieces of resin cloth 
were combined in one vessel and treated with a five-fold 
excess of a solution of the HOBt ester of Fmoc-O-t-butyl Tyr 
prepared by pre-activation of a solution of Fmoc-O-t-butyl Tyr 
(331mg, 0.68 mmol) , HOBt (92mg, 0.68 mmol) , TBTU (217mg, 0.68 
mmol) and Hunig's Base (120ml, 0.68 mmol) in DMF for a period 
of 3 0min. This pre-activated ester was then reacted with the 
pieces of resin cloth at room temperature overnight. The two 
pieces of resin cloth were then washed with DMF (x 3) to 
remove reagents, dichloromethane (x 6), and dried under 
vacuum. 

Residual amine groups were acetylated using a solution 
of acetic anhydride (4ml), collidine (6ml), and 4-dimethyl- 
aminopyridine (2g) in acetonitrile (20ml) for lhr at room 
temperature. The resin cloth was then washed with 
acetonitrile (x 3) and dichloromethane (x 6), and dried under 
vacuum. 

Deprotection of the Fmoc group was achieved using a 
standard method utilising a solution of piperidine (10ml) in 
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DMF (10ml) for 30min at room temperature. Washing of the 
cloth with DMF (x 4) and dichloromethane (x 6), followed by 
drying of the resin cloth under vacuum, gave the material 
ready for the next coupling. 

Coupling of the third monomer: 

The sample of resin cloth bearing Tyr-Ser was further 
reacted separately with a sample of the HOBt ester of Fmoc-O- 
t-butyl-Thr prepared by pre-activation of a solution of Fmoc- 
O-t-butyl Thr (134mg, 0.339 mmol) , HOBt (46mg, 0.339 mmol) , 
TBTU (108mg, 0.339 mmol) and Hunig's Base (60ml, 0.339 mmol) 
in DMF (10ml) for a period of 30 min. The resin cloth was 
reacted at room temperature overnight with this preformed 
reagent. 

The sample of resin cloth bearing Tyr-Lys was further 
reacted separately with a sample of the HOBt ester of a-Fmoc- 
Boc-Lys prepared by pre-activation of a solution of a-Fmoc-Lys 
(159mg, 0.339 mmol), HOBt (46mg, 0.339), TBTU (108mg, 0.339 
mmol) and Hunig's Base (60ml, 0.339 mmol) in DMF (10ml) for 
a period of 30 min. The resin cloth was reacted at room 
temperature overnight with this preformed reagent. 

The two pieces of resin cloth were then washed with DMF 
(x 3) to remove reagents, dichloromethane (x 6), and dried 
under vacuum. 

Residual amine groups were acetylated using a solution 
of acetic anhydride (4ml), collidine (6ml) and 4-dimethyl- 
aminopyridine (2g) in acetonitrile (20ml) for lhr at room 
temperature. The resin cloth was then washed with acetonitrile 
(x 3), dichloromethane (x 6), and dried under vacuum. 

Final deprotection of the Fmoc group was achieved using 
a standard method utilising a solution of piperidine (10ml) 
in DMF (10ml) for 30 min at room temperature. Washing of the 
cloth with DMF (x 4) and dichloromethane (x 6), followed by 
drying under vacuum, gave the material ready for the final 
cleavage. 
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Cleavage of the trimers from the resin cloth: 

The sample of resin cloth bearing Thr-Tyr-Ser was 
separately treated with TFA/H ? 0 (95:5, 30ml) and stored at 
room temperature overnight. The acid solution was removed 
from the cloth by filtration, was removed by evaporation below 
40°C / and the sample freed from acid by azeotropy from 
toluene/dichloromethane (3 x) . The mass recovery was 
essentially quantitative and the presence of the desired 
product was confirmed by hplc and ms analysis. 

The sample of resin cloth bearing Lys-Tyr-Lys was 
separately treated with TFA/H 2 0 (95:5, 30ml) and stored at 
room temperature overnight. The acid was removed by 
evaporation below 40°C, and the sample freed from acid by 
azeotropy from toluene/dichloromethane (3 x) . Again, the mass 
recovery was essentially quantitative and formation of the 
desired product was confirmed by hplc and ms analysis. 

Preparation of a 27 component tripeptide library on resin 
cloth for biological screening; 

Derivatisation with the first monomer (using a-Fmoc-gj-Boc-Lvs . 
Fmoc-Ser-O-t-butvl ether and Fmoc-Leu) : 

Three samples of the above polypropylene resin cloth 
(each 210 x 150 mm, or 68.7 mmol total amine content), each 
having reaction zones indelibly identified in a 3 x 3 grid 
pattern of indicia, were derivatised separately by reaction 
in DMF solution for a period of 17hr at room temperature with 
2 , 4-dichlorophenyl-a-Fmoc-aminoacyl-4-oxymethylphenoxyacetate 
(0.34 mmol or 5 times excess) derivatives of the amino acid 
monomers listed above. The resin cloth was washed with DMF 
solution (x 3) to remove reagents, dichloromethane (x 5) and 
was then dried at room temperature under vacuum for 15 min. 

Residual amine groups were acetylated on the whole set 
of sheets using a solution of acetic anhydride (6ml), 
collidine (9ml) and 4-dimethylaminopyridine (3g) in aceto- 
nitrile (3 0ml) for lhr at room temperature. The resin cloth 



WO 96/16078 



PCT/GB95/02707 



26 



was then washed with acetonitrile (x 4) and dichloromethane 
(x 6) , and dried under vacuum for lhr. 

Deprotection of the Fmoc group was achieved using a 
standard method utilising a solution of piperidine (15ml) in 
DMF (15ml) for 30min at room temperature. Washing of the 
cloth with DMF (x 4) and dichloromethane (x 6), followed by 
drying of the cloth under vacuum, gave the material ready for 
the next coupling. 

ngi-ivatisation with the sec ond monomers fusing FmocTyr-O-t- 
butvl etP«r. FmocSar-O-t-bu tvl ether and Fmoc Phe) ; 

The original sheets were divided into three columns, and 
each set of three columns of three reaction zones was reacted 
separately with the second monomer. Each of the nine 
monomerically linked pieces of resin cloth in three columns 
was combined in one vessel and treated with a five-fold excess 
of a solution of the HOBt ester of the above Fmoc-amino acid 
preformed from Fmoc-amino acid (0.343 mmol, 5 times excess), 
HOBt (46mg, 0.343mmol), TBTU (108mg, 0.343 mmol) and Hunig's 
Base (60ml, 0.34 3 mmol) by reaction in DMF (10ml) for a period 
of 30min. This was then reacted at room temperature overnight 
with the samples of resin cloth. The pieces of resin cloth 
were then washed to remove reagents using DMF (x 3), 
dichloromethane (x 5) , and dried under vacuum at room 
temperature for 15 min. 

Residual amine groups were acetylated using a solution 
of acetic anhydride (6ml) , collidine (9ml) and 4-dimethyl- 
aminopyridine (3g) in acetonitrile (30ml) for 1 hr at room 
temperature. The resin cloth was then washed with 
acetonitrile (x 4), dichloromethane (x 6), and dried under 

vacuum for 1 hr. 

Deprotection of the Fmoc group was achieved using a 
standard method utilising a solution of piperidine (15ml) in 
DMF (15ml) for 30 min at room temperature. Washing of the 
cloth with DMF (x 4) and dichloromethane (x 6) followed by 
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drying of the resin cloth under vacuum gave the material ready 
for the final coupling . 

coupling of the third monomers fusing FmocThr -O-t-butvl ether, 
5 Q-Fmoc-gj-Boc-Lvs and Fmoc-Glv) : 

The samples of resin cloth were divided into their 
individual portions by cutting in a direction orthogonal to 
the first cut. Each set of samples of resin cloth bearing 
dimeric units was further reacted separately with a sample of 

10 the HOBt-ester of Fmoc-amino acids as listed above, prepared 
by pre-activation of a solution of Fmoc-amino acid (0.343 
mmol), HOBt (46mg, 0.343 raraol) , TBTU (108mg, 0.343 mmol) and 
Hunig's Base (60ml, 0.343 mmol) in DMF (10ml) for a period of 
30 rain. The resin cloth was then reacted at room temperature 

15 overnight with this pre-activated reagent. Each individual 
piece of resin cloth was then washed to remove reagents with 
DMF (x 3) and dichloromethane (x 6), and dried under vacuum. 

Residual amine groups were acetylated using a solution 
of acetic anhydride (6ml), collidine (9ml) and 4-dimethyl- 

20 aminopyridine (3g) in acetonitrile (30ml) for lhr at room 
temperature. The resin cloth was then washed with acetonitrile 
(x 4), dichloromethane (x 6), and dried under vacuum. 

Final deprotection of the Fmoc group was achieved using 
a standard method utilising a solution of piper idine (15ml) 

25 in DMF (15ml) for 30 min at room temperature. Washing of the 
cloth with DMF (x 4) and dichloromethane (x 6) , followed by 
drying under vacuum, gave the material ready for the final 
cleavage. 

30 Cleavage of trimers from the resin cloth: 

Each sample of resin cloth bearing an individual trimeric 
unit was separately treated with TFA/H 2 0 (95:5, 2ml) and 
stored at room temperature overnight. The cloth was separated 
by filtration, and washed with dichloromethane (2ml x 12), 

35 methanol (2ml x 4), and the washings combined. The acid was 
removed by evaporation below 40°C, and the sample freed from 
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acid by azeotropy from toluene/dichloromethane (3 x) . The mass 
recovery was essentially quantitative and formation of the 
desired products was confirmed by hplc and ms analysis in 
comparison with an authentic sample. Results are given below: 



Entry number 


Structure 


Expected m/e 


Found m/e 


i 


ThrTyrLys 


410.46 


411.0 


2 


LysTyrLys 


437.56 


438.2 




GlyTyrLys 


366.46 


367.3 


4 


ThrPheLys 


394.46 


395.6 


5 


LysPheLys 


421.56 


422.5 


6 


GlyPheLys 


350.46 


351.7 


2 


TheSerLys 


334.46 


335.0 


£ 


LysSerLys 


361.46 


362.6 


2 


GlySerLys 


290.36 


291.5 


is 


ThrTyrSer 


369.36 


370.0 


11 


LysTyrSer 


396.46 


396.9 


12 


GlyTyrSer 


325.36 


326.6 


12 


ThrPheSer 


353.36 


354.1 


14 


LysPheSer 


.380.46 


381.4 


15 


GlyPheSer 


309.36 


309.8 


16 


TnrSerSer 


292.90 


294.2 


12 


LysSerSer 


320.36 


321.3 


m 


GlySerSer 


249.26 


250.4 


12 


ThrTyrLeu 


395.46 


395.8 


20 


LysTyrLeu 


422.56 


423.3 


21 


GlyTyrLeu 


351.46 


352.1 


22 


ThrPheLeu 


379.46 


380.1 


23 


LysPheLeu 


406.56 


407.1 


24 


GlyPheLeu 


335.46 


336.6 


25 


ThrSerLeu 


319.36 


320.6 


26 


LysSerLeu 


346.46 


" 347.5 


22 


GlySerLeu 


275.36 


276.1 
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Preparation on resin cloth of a 1677 component library for 

Eioloqacfri screening; 

Three sheets of the polypropylene resin cloth described 
5 above of dimensions 210 x 297mm were indelibly marked with a 
pattern of indicia (43 columns and 39 rows) , ready for the 
coupling of the first monomers. Analysis revealed the 
presence of 2.18 nmol/mm 2 of amine groups. 

10 Functionalisation of the sheet: 

Each column of polypropylene resin cloth was divided from 
the original sheet, and separately functionalised by treatment 
with an individual Fmoc protected amino acid derivative pre- 
activated as its 2 , 4-dichlorophenyl 4-(oxymethyl) phenoxy 

15 acetate as described above in a solution of DMF (0.5ml) and 
pyridine (10ml) at room temperature overnight. The cloth 
strips were washed with DMF (x 4) and dichloromethane (x 5) 
and dried at 40°C for 30 min. Acetylation of residual amine 
functionality was carried out as described above. 

20 Deprotection of the amine groups was also carried out as 

described above. 

Coupling of the second monomer: 

The complete set of columns of the original polypropylene 

25 resin sheets was assembled into one block and cut into 
individual pieces. Each set of pieces from individual rows was 
then coupled with a second Fmoc-protected monomer ic unit, pre- 
activated as its 2 , 4-dichlorophenyl 4- (oxymethyl) phenoxy 
acetate ester as described above. Upon completion of 

3 0 reaction, these were washed, acetylated and, finally, the Fmoc 
protection group was removed as described above. 

Coupling of the third monomer: 

The complete set of 1677 individual dimeric amine 
3 5 derivatives was reacted with diphenylacetyl chloride (2.31g, 
0.1 mol) and Hunig's Base (3.5ml, 0.1 mol) in DMF (96.5ml) at 
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room temperature overnight in smaller subsets. Each set of 
polypropylene resin cloth pieces was washed with DMF (x 3), 
dichloromethane (x 4) and dried at 40°C for 30 min under 
vacuum - 

Cleavage of individual trimeric products from the 
polypropylene cloth: 

Individual labelled resin cloth pieces were separated and 
treated with TFA/H 2 0 (95:5, 50ml) at room temperature 
overnight. Each was then washed with acetonitrile/water (1:1, 
3 x 100ml) , the washings combined and evaporated under vacuum 
centrifugation. After cleavage from the resin cloth support, 
individual trimeric products were identified by the indicia 
marked thereon. A subset of these was examined by both hplc 
and mass spectrometry and, in the cases examined, confirmed 
the formation of the desired compounds. 

A subset of typical analytical data for compounds 
examined by mass spectrometry is given below: 

Indicia Structure Expected m/e Found m/e 
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The choice of resins is not limited to the single form 
specified in the foregoing example. The laminar sheet may be 
prepared from a wide range of alternative resins. It will be 
appreciated that different types of resin permit differing 
types of chemistry to be carried out, some of which are 
exemplified, but not limited, by the following: 

The preparation of oligosaccharides is conveniently 
carried out on a polymeric (ethylene glycol) w-monomethyl 
ether, (see Douglas, S.P., Whitfield, D.M. , Krepinsky, J.J, 
J. Amer. Chem. Soc. , 1995, 117, 2116) or alternatively on a 
poly(p-(propen-3-OH-l-yl) ) linked polystyrene. 

Preparation of a series of serine phosphopeptides was 
carried out on Wang resin (see Shapiro, G., Swoboda, R. , 
Stauss, U., Tetrahedron Letters, 1994, 35, 869). 

Tentagel resin has been found to be useful for the 
formation of C-C bonds such as the Heck reaction, (see 
Hiroshauge, M, Hauske, J.R., Zhou, P., Tetrahedron Letters, 
1995, 36, 4567) and other C-C bond forming processes such as 
the Stille reaction may be conveniently carried out on Rink 
amide f unctionalised polystyrene, (see Forman, F.W., 
Sucholeiki, I., J. Org. Chem., 1995,60,523). 

A series of aspartic acid protease inhibitors has been 
prepared on a dihydropyran f unctionalised resin, (see 
Kick, E.K., Ellman, J. A. , J. Med. Chem., 1995,38,1427) and 
examples of aryl ether formation via the Mitsonobu reaction 
have been successfully carried out on Tentagel S RAM Fmoc 
resin, (see Rano, T.A., Chapman, K.T., Tetrahedron Letters, 
1995, 36,3789) . 

It will be appreciated by those skilled in the art that 
there are many further examples in the literature of 
alternative resins suitable for still further chemistry to be 
carried out. 
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CLAIMS 

1. A method of making a library of compounds, characterised 
in that said method comprises the following steps: 

(a) individually identifying a plurality of discrete 
reaction zones defined on laminar solid support 
material; 

(b) charging each of said reaction zones with a starting 
material; 

(c) sub-dividing the reaction zones into at least two 
initial batches; 

(d) applying at least two different reagents, one to 
each of the reaction zones in each initial batch, and 
recording the identity of those reaction zones to which 
each of said different reagents is applied; 

(e) subjecting all reaction zones to reaction conditions 
which promote reaction to completion; 

(f) further sub-dividing the reaction zones into at 
least two alternative batches; 

(g) applying at least two different reagents, one to 
each of the reaction zones in each alternative batch, 
and recording the identity of those reaction zones to 
which each of said different reagents is applied; 

(h) subjecting all reaction zones to reaction conditions 
which promote reaction to completion, and 

(i) repeating steps (f) to (h) inclusive from zero to n 
times, as desired. 

2. A method as claimed in claim 1 wherein the reaction zones 
are defined on a sheet or a plurality of sheets of material. 

3. A method as claimed in claim 2 wherein each sheet is 
charged with a different starting material in "step (b) . 
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4. A method as claimed in any one of claims 1 to 3 wherein 
the compounds obtained at the end of step (i) are linked to 
said laminar solid support material by chemical linker groups 
which are cleavable by acidic, basic, hydrogenolytic or other 
chemical reagents, by light induced cleavage, or by 
combinations of these. 

5. A method as claimed in any preceding claim wherein the 
applied reagents are selected from the group comprising amino 
acids, nucleotides, sugars, naturally-occurring and synthetic 
heterocycles, lipids, and combinations thereof. 

6. A method as claimed in any preceding claim wherein the 
reaction zones are identified by application of indicia 
selected from the group consisting of numbers, letters, 
symbols or colours in a coded combination, Smiles strings, 
bar-codes, chemical structures, marked or printed punched 
cards; ultraviolet-readable systems and electro-magnetically 
readable devices. 

7. A method as claimed in claim 1 comprising: 

providing a plurality of sheets of material to which the 
compounds may be releasably bound, each sheet bearing indicia 
identifying individual reaction zones defined on said sheet 
arranged in rows and columns in a two-dimensional array; 

treating each sheet with respective first reagents to 
bind respective first constituents to each of the individual 
reaction zones on the sheets; 

superposing the sheets to form a block and repeatedly 
subdividing the block parallel to one of its faces to form a 
plurality of stacked strips derived from respective divided 
sheets, each strip bearing one of said rows of reaction zones; 

treating each of the stacks of strips so formed with 
respective second reagents to bind respective second 
constituents to the first constituents on the strips; 
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reassembling the treated stacks of strips to reform the 
block and dividing the block parallel to second face thereof 
disposed at right angles to said first face so that each strip 
is divided into stacks of individual reaction zones, and 

treating each of the stacks of reaction zones so formed 
with respective third reagents to bind respective third 
constituents to the growing substrate already bound on the 
reaction zones. 

8. A method as claimed in claim 7 wherein the individual 
reaction zones are reassembled and further sub-divided prior 
to treatment with respective fourth reagents to bind 
respective fourth constituents to the growing substrate 
already bound on the reaction zones, and optionally repeating 
the re-combination, sub-division and treatment steps as many 
times as desired. 

9. A method of preparing a paper support material for use in 
the synthesis of chemical compound libraries, characterised 
in that said method comprises: 

(a) linking cellulose with a compound which is selected from 
the set consisting of an amine precursor or a compound having 
a protected amine group; 

(b) in the case of an amine precursor, generating the free 
amine and then protecting it with a conventional amino 
protecting group; 

(c) incorporating the araine-functionalised cellulose into a 
paper sheet by mixing with paper fibre and forming into 
sheets , and 

(d) reacting the paper sheets obtained from step (c) above 
with an amino deprotecting reagent to provide free amine 
groups on the paper sheets. 
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10. A method of preparing a laminar resin support material 
for use in the synthesis of chemical compound libraries, 
characterised in that the method comprises affixing a layer 
of particulate f unctionalised solid support resin material to 
a porous inert laminar material. 

11. A method of preparing a laminar resin support material 
as claimed in claim 10 wherein the layer of particulate 
functionalised solid support resin material is sandwiched 
between two layers of porous inert laminar material. 

12. A laminar resin support material when prepared by the 
method of claim 10 or claim 11, in the form of a cloth. 
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